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POTENTIAL FIELD  DATA*
L. de W IT T E f
A BST R A C T
In this paper a new, efficient method is worked out for the interpretation of self-potential field 
data. Interpretation of location, depth and dip of the ore body is made, using a pattern of equipoten- 
tial lines. The negative center and the positive maximum of the potential are found and also the so- 
called “ mid-value”  point. The dip a, can be determined accurately for values between 5° and 85°. 
The method cannot be used for vertical polarization. The depth and location can be found with rela­
tive accuracy for <*> io°. The main advantage of this new method is the ease of interpretation and a 
greater accuracy for the high-dip angles.
It should be stressed that, for correct and accurate interpretation, the positive maximum is as 
important as the negative center. Therefore, it should be carefully sought during the field work, and 
mapped to its full extent.
INTRODUCTION
The existing methods of interpretation of self-potential data, obtained from 
prospecting for ore bodies, are cumbersome and commonly involve a large amount 
of guesswork.
An elaborate theory for the surface distribution of potentials was worked out 
by A. Petrovski.1 The method of interpretation given b y Petrovski uses the cur­
rent densities, which are proportional to the derivatives of the potential curves 
for a fixed direction of traverse. This obviates taking into account a base-line 
potential.
A  later method given by W. Stern2 is based on formulas derived from assuming 
the ore body to be a polarized bar. The potentials measured in the field are used 
as such, which gives inaccuracies due to the absence of a fixed base line, relative 
to which the potentials are defined. In the theory the potential at a large distance 
is assumed to be zero. In  the field, however, the zero-potential is difficult to obtain 
due to the presence of spurious potentials caused by vegetation and percolation. 
It  is also difficult to predetermine how far one has to go to find the “ infinity- 
potential”  for practical purposes, as the positive maximum caused by the ore 
can be far from the center of the ore body for low-dip angles.
The interpretation here presented is based on Petrovski’s theory, assuming the 
ore body to be a polarized sphere. A “ m id-value”  point is introduced which elim­
inates the zero-line difficulties and does not require the use of current densities, 
saving much work and minimizing errors in the interpretation.
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2 W. Stern, Trans. A .I.M .E . 164 (1945), 189.
600
The “ m id-value”  point is an improvement on the “ half-value”  point idea 
which was outlined b y C. A. Heiland,3 for a vertically  polarized sphere.
As only three points are used for the interpretation, all of which are well de­
fined by the equipotential pattern, inaccuracies due to distortion b y topography 
are kept to a minimum.
THE THEORY OF INTERPRETATION
Figure 1 represents a hidden polarized sphere in a semi-infinite isotropic 
medium, and its image at equal distance above the fiat boundary surface.
The vertical plane through the plus and minus pole is called the plane of
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polarization (here the plane of the paper). The «-axis is the intersection line 
between the plane of polarization and the horizontal boundary surface. The s-axis 
is vertically upward. The origin O0 is vertically  above the center of the hidden 
sphere. The polarization of the sphere is assumed to diminish by the cosine law 
with respect to the angle which is formed by the given direction and the axis of 
polarization (f).
e =  E  cos 6.
For any point p  on the £-axis, Petrovski calculated the potential due to the 
field of the hidden sphere to be:
E R ()2 h cos a. +  x sin a
V ----------------------------------------- (1)
2 (x * +  k y i 2
To find the abscissae of the maximum and minimum points, we take the deriv­
ative :
3 C. A. Heiland, Geophysical Exploration (New York: Prentice-Hall, Inc., 1940), 673.
dV  E R o 2 j — $h x  cos a  (h2 — 2x2) sin 
I t e  ~ \  (x 2 +  A2) 5' 2 j  ’
3 hxmc o s a  =  (h2 — 2Xm2) sin a,
xm =  — 3/4/z cot a  +  V ^ 2/ 2 +  9 /16  cot2 (a) • A2, 
a =  1 / 2(a:m, — * „ 2) =  h y / 1 / 2  +  9 /16  cot2 a. (2)
The length 2a is the distance between the maximum and minimum point of
the potential along the £-axis.
Xm ---------------- .--- - ---- ------
----  =  — 3/4  cot a +  V 1 / 2  +  9 /16  cot2 a. (3)
h
Figure 2 gives the potential profile for a  =  45° and shows the relative position
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of the negative center and positive maximum. The potential is taken negative 
upward, while x is positive in the direction of the negative center.
We now define the “ m id-value”  point as the point where the potential F1/2 
has a value equal to | ( F maximum+  F mmimum) and located between the negative and 
positive centers. We call its abscissa: X\rs.
From equation (1) with E R 02/2  =  A, we have:
Vmh2 cos a  +  x m/h  sin a
--------= ---------------------------- , (4)
A [(x„,/h)2 +  i ] 3/2
A
V m  =  i / 2 ( 7 m„  +  F min) =  F(a)  —  • (s)
«2
For any given value of a, we can calculate the above defined (Fa)  by first 
calculating X ms,x/h  and X min/h  from equation (3). Substitution into equation 
(4) gives ^maximum 3.11(1 ^minimum*
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Fig. 3. The ratio of .i',,,,,* divided by the depth as a function of the angle a.
Figure 3, curve (a) shows xm^ / h  as a function of a. Figure 4, curve (b) gives 
Xmin/h and Figure 5 curve (c) gives a/h, obtained from equation (2).
For Xi/2 we obtain from equations (1) and (5) the identity
A A cos a  +  Xi/i/h sin a
F('CC^ A* ~  A* \{xm / h Y  +  1 ] 3/2 '
This gives Xyi/h  as a function of a. See Table 1.
T a b l e  i
a /h  Z1/2/h  a / (x min—x u i)  *1/2)
5 8.60 —0 .721 1 1 .4 7 o-523
10 4 -3 i - o -573 5-90 0.546
20 2 .18 - 0-579 3 . 1 2 6 0-5953° 1.4 8 - 0.493 2.20 0.647
40 1 .1 4 - 0 .4 0 7 i -75 0.7015° 0.947 - 0 . 3 2 3 1.4 8 0-755
60 0.829 —0.240 1.3 0 0 .8 11
70 °-757 —0.160 1 .1 9 0.870
80 0.7x9 — 0.079 1.0 8 0.932
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Table i also gives a/h  for the entire range of a  (from a/(xmi„ — xyt) and
® / ( ^ n i a x  ^ 1/ 2 )  •
The latter values were obtained by first finding (*lnin — *i/2)/Aand(a;max — xuz)/h 
and then dividing these quantities b y  a/ h.
The length (aw,, — £1/2) and can be measured along the a;-axis.
Curves (d) and (e) show them as functions of a.
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F ig . 5. Curve (c): a/h as a function of a. Curve (d): a/xm-m — xm) as a function of a.
F ig . 6. Big Bend self-potential anomaly.
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PROCEDURE OF INTERPRETATION
1 . M easure a as half the distance between the negative and positive center.
2. M easure xmi„ —x1/2 and (or) xmax — Xyt respectively as the distance between 
the negative and positive center and the mid-value point. D ivide a by the 
latter.
3. From curve d or e find a.
4. For the value of a  obtained find a/h  from curve c. This gives us h.
5. From curve a or & find xmax or *mirl which gives the distance of O0 (the 
vertical projection of the center of the ore body on the surface) from the 
positive or negative center.
In  practice h denotes the depth to the point where the water table intersects the 
ore body. The “ center”  is the midpoint of the section of the ore body made by the 
plane of the water-table.
NUMERICAL EXAM PLES
a) B ig Bend anom aly (Surcease mine), see Figure 6.
F ig . 7. Self-potential anomaly at Hope, British Columbia.
This example was taken from the professional thesis of S. Y iingul,4 who inter­
preted the curves by Petrovski’s current-density method.
The positive maximum value is approxim ately 18  m v. M idpoint value: \  
( 18 —50) =  —16;  a/xmin — x 1/2= 1.3 .
Curve (d) gives a =  60°. For a  =  60°, curve (c) gives a/h =  0.84, 2a — 180 feet, so 
h =  90/0.84= 107 feet. From curve (6): a;mjn//? =  0.395, *min =  42.8 feet, Y iingul 
found a  =  6o° h =  106 feet.
b) Hope mine (British Columbia), see Figures 7 and 8.
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Fig. 8. Cross section and self-potential profile of the Hope anomaly along the line X Y  of Figure 7.
The equipotential pattern was constructed from a series of potential profiles 
given by J .  J .  Breusse.6 The cross section (Fig. 8) was taken from an article by E . 
Poldini.6 The potentials in Figures 7 and 8 are expressed in arbitrary units.
The anom aly is no type-example for representation by a polarized sphere. 
However, along the lines of greatest current density, the potential distribution 
appears to deviate very  little from that for a polarized sphere.
4 S. Yiingiil, Prof. Thesis, California Institute of Technology (1545).
s J .  J . Breusse, Engineering and Mining Journal, 13 3  (1932), 338.
$ E. Poldini, The Mining Magazine, 60 (1939), 25.
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M easurements along the line xy  give the following results:
Fmi„ =  - 2 2  units; F max= i 2 ;  F 1/8= —5;
a/{xmin — 1^/2) =  2.52.
Curve (d) gives £*=25°. From curve (c) for 0 = 2 5 ° :  a / h = i . ’j $ ;  h =  79 feet.
Curve (b) : =  or xmin =  12  feet.
The thus determined center of the ore body and also the calculated dip are 
indicated in Figure 8. The agreement with the data obtained from the drill holes 
1 and 2 is perfect.
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